One current initiative to assist rural Thai families to increase home food production and security is the implementation of home gardens that produce fish, small animals, and vegetables. This paper presents the results of an investigation comparing seasonal dietary intake and nutritional status among northeastern Thai children in mixed-gardening and nongardening families (n = 30 for each group). Assignment to the gardening group was based on the presence of a mixed garden, whereas nongardening subjects were randomly selected and matched for comparison. Statistical analysis (paired t-test) indicated that there was no significant difference in the observed biochemical variables (serum retinol, ferritin, hemoglobin) between groups at the p ≤ .05 level. Nutritional status in regard to height-for-weight, weightfor-age, and weight-for-height Z scores was better among children of gardening families, although the differences were not significant. The small sample size and reported results indicate that the relationship between the practice of mixed home gardening and dietary intake and nutritional status needs further investigation.
Introduction
In the aftermath of Thailand's economic crisis, the Thai monarchy and government agencies are actively promoting the establishment of mixed home gardens that produce fish, small animals, and vegetables in order to help bolster home food security. This is especially true in the rural northeastern region, which historically has lagged behind the rest of the nation in terms of economic and social development. Several studies have shown that in the northeast, the poor dietary intake and nutritional status of young children place them at risk for complications arising from vitamin A deficiency, anemia, and protein-energy malnutrition [1] [2] [3] [4] .
It is well documented that the health and developmental consequences of low vitamin A and iron intake can be severe [5] [6] [7] . To control vitamin A, iron, and other nutritional deficiencies on a population basis, the three strategies most frequently employed are supplementation, food fortification, and dietary diversification. Of the three, dietary diversification has been found to be the most sustainable [8] . Furthermore, in rural populations such as that of northeast Thailand, a dietary diversification approach based on mixed home gardening allows beneficiaries to participate directly in improving their nutrition and health status by using traditionally accepted agricultural practices.
An increase in home food production may not always lead to increased consumption, although studies that have examined the dietary patterns of families practicing vegetable cultivation in developing countries show that young children and mothers in such families are indeed eating more vitamin A-rich plant foods [9, 10] .
Although several studies exist that examine the impact of vegetable gardening on dietary intake, there is a paucity of information on dietary intake and nutritional status among children residing in households that integrate fish, small-animal, and vegetable production. This paper presents the results of 24-hour dietary recall, anthropometric assessment, and biochemical indices of vitamin A and iron status among young children from a sample of mixed-gardening and nongardening households in northeast Thailand.
Methods
The study was carried out from August 1999 to May 2000 in Yang Si Surat District, Thailand. Yang Si Surat is a typical agricultural district located 450 km northeast of Bangkok in southern Mahasarakam Province. Families practicing mixed gardening were identified by a systematic procedure and were then considered for inclusion on the basis of standard criteria. Data were collected by a team of research assistants consisting of nurses, interviewers, nutritionists, and laboratory technicians from the Nutrition Division of the Thai Ministry of Health, assisted by staff from the district health office. To account for seasonal variation, data were collected during August 1999, December 1999, and May 2000. These periods correspond to the mid-rainy, cool, and late hot season in northeast Thailand. Each round of data collection lasted two days and was conducted at a centrally located community health center. From the 30 households that were identified and enrolled as mixed-gardening families, one young child from each family aged one to seven years was selected for inclusion in the study. The 30 children from gardening households were then matched with 30 children from randomly selected nongardening families on the basis of age, sex, number of siblings, mother's age and education, parents' occupation, religion, family landholdings, and reported annual income. Each of the two groups contained 17 male and 13 female children.
As expected, the size and diversity of mixed gardeners' home production systems was much larger and more diverse than that of nongardeners. The key factor used to differentiate mixed-gardening from nongardening families was the integration of a productive fishpond-an essential component of mixed gardening as promoted by the Thai Monarchy and government agencies-with small-animal husbandry, home vegetable gardens, and a fruit orchard. Because of the agricultural nature of the population, almost all inhabitants of Yang Si Surat plant small gardens and raise some animals for home consumption; therefore it was not possible to match mixed-gardening families with comparable families that did not practice any type of home food production at all. The ethics committee of the Thai Ministry of Health approved the study protocol, and written informed consent was obtained from the children's parents after local authorities had explained the intent of the study.
The mothers of each participating child were interviewed to obtain sociodemographic and 24-hour dietary recall data. If the child's mother was not available, the primary caretaker was interviewed. For children attending primary school, the mother or caretaker was interviewed first, followed by a secondary interview with teachers and the child to account for food the child may have eaten outside the home, i.e., school lunches and snacks. The nutrient values for daily intakes of energy, protein, vitamin A, iron, vitamin C, and fats were derived from 24-hour recall data using the Inmucal version 7 software package developed by Mahidol University. Standing height, weight, age, and sex were recorded and later converted to Z scores based on United States National Center for Health Statistics (NCHS) reference curves [11] using the Epi Info 2000 Nut Stat nutritional anthropometry program [12] .
In order to measure serum retinol and ferritin levels, a 5-cc venous blood sample was drawn using a syringe. The sample was immediately transferred to a test tube, wrapped in foil, and then centrifuged within two hours. Serum was drawn off and placed in dark-brown glass containers, wrapped in foil, and frozen for analysis of retinol by high-performance liquid chromatography (HPLC). Serum ferritin was measured by enzyme immunoassay. Hemoglobin concentrations were measured on the spot by transferring a drop of blood directly from the syringe to a cuvette and immediately inserting the cuvette into a new HemoCue device. During each round of data collection, a new container of cuvettes was used. Both retinol and ferritin analyses were performed by experienced technicians at the Institute of Nutrition of Mahidol University (INMU). Comparisons between mean values shown in tables 2 and 3 were made by the paired-sample t-test. Statistics were calculated by the computer software package SPSS for Windows version 7.5 [13] .
Results
The characteristics of mixed-gardening and nongardening households are presented in table 1. All families identified their primary occupation as rice farming. Although all families reported they were Buddhist, there were no vegetarians in the sample. No children from either group took vitamin or mineral supplements of any kind, nor did their parents. All 60 mothers had completed their primary education; 13% of mothers in the mixed-gardening group and 10% of those in the nongardening group had completed their secondary education. One mixed-gardening family had a retired civil servant residing in the household receiving an annual pension that raised the family's reported annual income to 210,000 baht, an unusually high amount for this population. If this family is excluded, the mean annual income of the gardening families shown in table 1 falls to 34,800 baht. Table 2 shows the results of 24-hour dietary recalls according to season. For the three seasonal comparisons, there were no significant differences in mean nutrient intakes (p < .05) between children from mixed-gardening families and those from nongardening families. During the cool season, the higher protein intake among children from mixed-gardening families was the only comparison that approached significance at p = .067. For both groups, children's 24-hour recall data suggest that their diets generally did not supply the recommended daily intake of the reported nutrients [14] , regardless of season. During the cool season, the guardians of one child from the mixed-gardening group and two from the nongardening group were unavailable for 24-hour dietary recall interviews. One child from the mixed-gardening group moved away during the cool season, followed by two additional children Dietary intake and nutritional status of young children during the hot season. In the hot season, dietary recall data were not obtained for three children from the nongardening group because one moved away from the study area and two guardians were unavailable for interview. No significant differences in mean hemoglobin, ferritin, or retinol concentrations were found between the two groups for the three seasonal comparisons (table 3) . Although the differences were not significant, (p = .13, .10, .70, respectively), the mean serum ferritin levels were consistently higher among the children from nongardening families. In contrast, children from mixed-gardening families consistently had higher mean serum retinol concentrations (p = .11, .10, .41). The observed differences were most pronounced during the hot season, traditionally a time of food scarcity in the region. Except for 6.8% of children from mixedgardening families during the cool season, no children from either group had ferritin levels below 20 µg/L at any time. Ferritin levels of 12 µg/L or less were not observed in either group during the course of the study. Among children in the mixed-gardening group, 23% had hemoglobin concentrations of 11 g/dl or less during the rainy season. For the cool and hot seasons, the figures were 17.2% and 25.9%, respectively. The percentages of children in the nongardening group with hemoglobin concentrations of 11 g/dl or less were 36.6%, 31%, and 34.4% for the rainy, cool, and hot season measurements, respectively. The percentages of children from mixed-gardening families with serum retinol levels 20 µg/dl or less were 16.6% in the rainy season, 20.6% in the cool season, and 3.7% in the hot season. For the nongardening group, the figures are 10%, 10.3%, and 0%, respectively. Figure 1 compares mean height-for-age, weight-forage, and weight-for-height Z scores by season among the mixed-gardening and children from nongardening families. At the onset of the study, the youngest child was 18 months old, and 16.6% of all children were two years of age or younger. Figure 1 shows that as a group, children residing in families that practiced mixed gardening had better overall nutritional status than children of nongardening families. Moreover, the proportions of children from nongardening families with a height-for-age Z score ≤ -2 were 26.6% in the rainy season, 23% in the dry season, and 34% in the hot season. These figures were 20%, 16.7%, and 22% for children from mixed-gardening families. The percentages of children from nongardening families falling below the weight-for-age Z score cutoff value 
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Weight-for-height of ≤ -2 were 16.6% in the rainy season, 16.6% in the dry season, and 20.6% in the hot season. In comparison, the proportions of children from mixed-gardening families with a weight-for-age Z score ≤ -2 were 10%, 6.8%, and 14.8%. Ten percent of children from mixed-gardening families were ≤ -2 Z scores below the reference median regarding weight-for-height during the rainy season, as compared with 6.6% from the nongardening group. Only one child (3.7%) from the mixed-gardening group was ≤ -2 weight-for-height Z scores during the hot season. Aside from that single child, there were no other observations below the ≤ -2 weight-for-height Z score cutoff point in either group during the cool and hot seasons. The visual discrepancy in figure 1 regarding mean weight-for-height Z scores and reported percentages of children falling ≤ -2 Z scores below the reference median can be attributed to the wide variance in anthropometric data and small sample size.
Discussion
The 24-hour recall results indicate that as a group, the dietary intake of children in both mixed-gardening and nongardening households was generally poor, alarmingly so for certain key nutrients. These findings are similar to a previous assessment of the dietary intake of young northeastern Thai children [1] ; however, it has been demonstrated that the 24-hour recall method tends to underestimate average nutrient intakes for a group [15] and does not accurately estimate individual intakes of children [16] . Determining whether the 24-hour method accurately estimates dietary intake was not an objective of this study. We did attempt to obtain reliable measures of the subjects' nutritional status in reference to biological and anthropometric indicators. It is expected that the hemoglobin, ferritin, and retinol values presented in table 3 are reliable because the testing methods used were accurate and repeated seasonal measurements were obtained.
Our major weakness in investigating differences in dietary intake and nutritional status is the small sample size and less than ideal control group. In addition, because many families had recently adopted the practice of mixed gardening, it is not likely that the higher mean height-for-age, weight-for-age, and weight-for-height Z scores indicative of better overall nutritional status resulted from the implementation of mixed gardens. This is especially true regarding height-for-age, because recent nutritional benefits that older children may have derived from consuming home-grown produce would probably not have had a large impact on reversing earlier nutritional insults. The fact that the mixed-gardening group consistently fared better than nongardeners in relation to all three anthropometric indices suggests that children residing in mixed-gardening households are inclined to have better overall nutritional status than children residing in nongardening households. Whether the practice of mixed gardening or other factors are producing this effect deserves further investigation.
For vitamin A, the mean serum retinol levels of children from mixed-gardening families as a group were higher throughout the study, but the percentage of children falling below the World Health Organization (WHO) cutoff point of 20 µg/dl [17] was lower among nongardening families during all three seasons. During the course of the study, there was a very low prevalence of ferritin levels below 20 µg/L among children in both groups; however, 6.8% of children in gardening families fell below this threshold during the cool season. No children fell below 12 µg/L, regardless of season. On the other hand, although the mean seasonal hemoglobin levels were essentially the same for both groups, the proportion of children from nongardening families with hemoglobin levels of 11 g/dl or less was higher than that for children from mixed-gardening families.
One reason underlying these conflicting results may be that a high percentage of families in both groups have attained a level of prosperity (measured by annual income) that allows them to buy adequate amounts of nutritious food. Children in those households would have access to enough healthy food regardless of whether their family produces it in mixed gardens or simply purchases it. The variation in dietary intake and conflicting vitamin A and iron results probably indicates that in this population, diet and nutritional status depend more on child-rearing practices than the possession of a mixed garden. Furthermore, because mixed-gardening families tended to be slightly better off and more open to innovation than nongardening families, matching this group with nongardening households does not provide a true control group for comparison. Clearly more work needs to be done investigating the production patterns and food-consumption habits among mixed-gardening and nongardening families to assess whether or not mixed-gardening families are indeed eating the products of their gardens, and if not, how they are utilizing increases in disposable income derived from the sale or consumption of home-grown produce.
